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(57) ABSTRACT 

In a semiconductor device 100, a light emitting device 102 is 
mounted on a substrate 101 . A light re?ection preventing ?lm 
130 for preventing a re?ection of a light is formed on an upper 
surface of the light emitting device 102. Moreover, a plate 
shaped cover 103 formed of a glass having a light transpar 
ency is disposed above the light emitting device 102, and a 
light re?ection preventing ?lm 140 for preventing a re?ection 
of a light is also formed on an upper surface of the cover 103. 
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SEMICONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING SEMICONDUCTOR 

DEVICE 

TECHNICAL FIELD 

The present disclosure relates to a semiconductor device 
and a method of manufacturing the semiconductor device, 
and more particularly to a semiconductor device in Which an 
optical functional device such as a light emitting device or a 
light receiving device is mounted on a substrate and a method 
of manufacturing the semiconductor device. 

RELATED ART 

In a semiconductor device in Which a light emitting device 
is mounted on a substrate, various shapes have been pro 
posed. For example, in the case in Which the light emitting 
device is an LED (light emitting diode), a type of a lumines 
cent color thereof is limited. In order to obtain a desirable 
luminescent color, therefore, a phosphor for emitting a light 
corresponding to a light emission of the LED is used and a 
compound color of a light emission of the LED and that of a 
phosphor is utiliZed in some cases. 

For example, a related-art semiconductor device in Which a 
light emitting device is mounted have such a structure that a 
light emitting device is mounted in a concave portion of a 
substrate and an upper opening of the concave portion is 
sealed With an optical member (glass) such as a glass, and a 
?uorescent member formed on a loWer surface of the optical 
member emits a light upon receipt of a light emitted from the 
light emitting device, thereby increasing an intensity of a light 
emitted from the optical member (for example, see Patent 
Document 1: Japanese Patent Unexamined Publication No. 

2003-110146). 
In the related-art semiconductor device, hoWever, When a 

light emitted from a light emitting device passes through a 
boundary surface having different refractive indices in a pro 
cess in Which the light is transmitted through an optical mem 
ber covering a concave portion of a substrate and is thus 
projected, there occurs the folloWing problem. In the case in 
Which the light proceeds from an optical member having a 
high refractive index (a refractive index:1 .5) to the air having 
a loW refractive index (a refractive index:1 .0), for example, a 
total re?ection is generated by an angle of incidence of the 
light With respect to the boundary surface. For this reason, 
there is a problem in that an amount of the light transmitted 
through the optical member is decreased, resulting in a reduc 
tion in a light intensity. 

Moreover, the total re?ection of the light implies a phe 
nomenon generated When the light proceeds from a medium 
having a high refractive index to a medium having a loW 
refractive index. When the light is irradiated from an inner 
part of the light emitting device to an outside, therefore, there 
is a possibility that the phenomenon might be generated. In 
such a case, although the light emitting device has a structure 
in Which the light is irradiated toWard an upper surface of the 
light emitting device, the light subjected to the total re?ection 
in the inner part of the light emitting device is irradiated from 
a side surface of the light emitting device. For this reason, 
there is also a problem in that an intensity of the light emitted 
from the upper surface of the light emitting device as an 
original light emitting surface is reduced. 

SUMMARY 

Embodiments of the present invention provide a semicon 
ductor device. 
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2 
One or more embodiments of the invention have the fol 

loWing means. 

One or more embodiments of the invention provides a 

semiconductor device in Which an optical functional device is 
mounted on a substrate, Wherein a cover having a light trans 

parency is disposed above the optical functional device, and a 
light re?ection preventing ?lm for preventing a re?ection of a 
light is formed on at least one of the cover or the optical 

functional device. 

One or more embodiments of the invention is characteriZed 

in that the cover has the light re?ection preventing ?lm 
formed on at least one of a front surface or a back surface. 

One or more embodiments of the invention is characteriZed 

in that the light re?ection preventing ?lm is a transparent ?lm 
formed by coating a dielectric ?lm. 

One or more embodiments of the invention is characteriZed 

in that the optical functional device is a light emitting device 
for emitting a light, and a re?ector for re?ecting a light is 
disposed to surround a side surface of the light emitting 
device. 

One or more embodiments of the invention is characteriZed 

in that the optical functional device is mounted in a concave 
portion of the substrate and the concave portion is sealed by 
bonding the cover to the substrate. 

Moreover, one or more embodiments of the invention pro 

vides a method of manufacturing a semiconductor device 
comprising the steps of mounting an optical functional device 
on a substrate, sealing the optical functional device disposed 
on the substrate by using a cover having a light transparency, 
and forming a light re?ection preventing ?lm on at least one 
of the cover or the optical functional device. 

One or more embodiments of the invention is characteriZed 

in that the substrate is provided With a concave portion for 
mounting the optical functional device, and an opening of the 
concave portion is sealed With the cover. 

One or more embodiments of the invention is characteriZed 

in that the optical functional device is a light emitting device 
for emitting a light, and the method further comprises the step 
of disposing a re?ector for re?ecting a light to surround a side 
surface of the light emitting device. 
One or more embodiments of the invention is characteriZed 

by the steps of bonding an upper end of the re?ector to the 
cover, and bonding a loWer end of the re?ector around a 
region, on Which the optical functional device is mounted, of 
the substrate, thereby sealing a space in Which the optical 
functional device is mounted. 

According to one or more embodiments of the invention, 
the cover having a light transparency is disposed above the 
optical functional device and the light re?ection preventing 
?lm for preventing the re?ection of the light is formed on at 
least one of the cover or the optical functional device. Also in 
the case in Which the angle of incidence of the light irradiated 
from the optical functional device or incident from the outside 
is greater than a critical angle, therefore, the light can be 
transmitted through the optical functional device or the cover 
to proceed Without a re?ection. Consequently, it is possible to 
increase an amount of the light emitted from the optical 
functional device or that of the light incident from the outside, 
thereby enhancing light intensities of a light emission and a 
light receipt more greatly. 
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Other features and advantages may be apparent from the 
following detailed description, the accompanying draWings 
and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing a semiconductor device according 
to a ?rst embodiment of the invention, 

FIG. 2 is a diagram shoWing a procedure for a method of 
manufacturing a light emitting device 102, 

FIG. 3A is a vieW shoWing a method of manufacturing a 
semiconductor device in FIG. 1 (No. 1), 

FIG. 3B is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 2), 

FIG. 3C is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 3), 

FIG. 3D is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 4), 

FIG. 3E is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 5), 

FIG. 3F is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 6), 

FIG. 3G is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 7), 

FIG. 3H is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 8), 

FIG. 3I is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 9), 

FIG. 3] is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 10), 

FIG. 3K is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 11), 

FIG. 3L is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 1 (No. 12), 

FIG. 4 is a vieW shoWing a semiconductor device according 
to a second embodiment of the invention, 

FIG. 5A is a vieW shoWing a method of manufacturing a 
semiconductor device in FIG. 4 (No. 1), 

FIG. 5B is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 2), 

FIG. 5C is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 3), 

FIG. 5D is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 4), 

FIG. SE is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 5), 

FIG. SE is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 6), 

FIG. 5G is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 7), 

FIG. 5H is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 8), 

FIG. 5I is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 9), 

FIG. 5] is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 10), 

FIG. 5K is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 11), 

FIG. SL is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 12), 

FIG. SM is a vieW shoWing the method of manufacturing a 
semiconductor device in FIG. 4 (No. 13), and 
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4 
FIG. 6 is a vieW shoWing a semiconductor device according 

to a third embodiment of the invention. 

DETAILED DESCRIPTION 

One or more embodiments of the invention Will be 
described beloW With reference to the draWings. 

First Embodiment 

FIG. 1 is a sectional vieW typically shoWing a semiconduc 
tor device 100 according to a ?rst embodiment of the inven 
tion. Referring to FIG. 1, the semiconductor device 100 is 
obtained by mounting a light emitting device 102 formed by 
an LED, for example, as an optical functional device, on a 
substrate 101 formed of Si, for example. The light emitting 
device 102 has a P layer, an N layer and an electrode formed 
thereon by using sapphire (A1203) as a base material, and an 
upper surface thereof is provided With a light re?ection pre 
venting ?lm 130 for preventing a re?ection of a light. For 
example, the light re?ection preventing ?lm 130 is a trans 
parent ?lm obtained by coating a dielectric ?lm having a high 
light transmittance, in a single-layer or a multilayer, through 
a vacuum evaporation method, spin coating process, or etc. 

When a light irradiated from an inner part of the light 
emitting device 102 to an outside passes through the upper 
surface (a boundary surface for a refractive index) of the light 
emitting device 102 and proceeds in the air, therefore, a total 
re?ection of the light can be prevented from being caused by 
a difference in the refractive index. 

In the ?rst embodiment, description Will be given to a 
structure in Which the light emitting device 1 02 is mounted on 
the substrate 101. It is a matter of course that the invention can 
also be applied to a semiconductor device having a structure 
in Which a light receiving device is mounted, for example, 
instead of the light emitting device. In that case, the light 
re?ection preventing ?lm 130 can increase an intensity of a 
light Which is incident from an outside and is received With a 
prevention of a re?ection thereof. 

Description Will be given to a principle of the generation of 
the total re?ection of a light. For example, it has been knoWn 
that a refraction of a light is generated on a boundary betWeen 
substances A and B having different refractive indices. In the 
case in Which a light proceeding in the substance A reaches an 
incident point of a boundary surface, an angle formed by a 
normal With respect to the boundary surface on the incident 
point and an incident ray is referred to as an angle of inci 
dence. In the case in Which the angle of incidence is set to be 
equal to or greater than a certain angle, the light is not trans 
mitted but a so-called total re?ection is generated. At this 
time, an angle of incidence at Which the total re?ection is 
generated is referred to as a critical angle or a critical angle of 
the total re?ection. The critical angle is determined by a ratio 
of the refractive indices of the substances A and B. 

In the case in Which a refractive index nl of the substance 
A, a refractive index n2 of the substance B and a critical angle 
6f are set, a relationship betWeen the refractive index and the 
critical angle is expressed in the folloWing equation (1). 

Sin BfInZ/nl (I) 

In this case, it is required that the refractive index nl of the 
substance A and the refractive index n2 of the substance B 
satisfy the condition of the folloWing equation (2) in order to 
generate the total re?ection. 

(2) 
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Accordingly, a refractive index (:l.0) of the air is loWer 
than a refractive index (:18) of the sapphire substrate. In the 
case in Which the light irradiated from the inner part of the 
light emitting device 102 to the outside has an angle of inci 
dence With respect to a boundary surface Which is greater than 
the critical angle 6f, therefore, the total re?ection is generated 
so that the emitted light cannot proceed to the outside of the 
light emitting device 102 depending on the angle of inci 
dence. 

In the ?rst embodiment, the light re?ection preventing ?lm 
130 is formed on an upper surface to be a light emitting 
surface (a boundary surface for a refractive index) of the light 
emitting device 102. In the case in Which the angle of inci 
dence is equal to or greater than the critical angle, therefore, 
a light proceeding from the inner part of the light emitting 
device 102 to the outside is prevented from being re?ected by 
the light re?ection preventing ?lm 130. Consequently, the 
light can be transmitted upWard. Thus, an amount of the light 
emission of the light emitting device 102 itself is increased so 
that an intensity of a light transmitted from a light emitting 
surface is enhanced. 

Moreover, a light transmitting plate-shaped cover 103 
formed of a glass, for example, is disposed above the light 
emitting device 102 and a light re?ection preventing ?lm 140 
for preventing a re?ection of a light is also formed on an upper 
surface of the cover 103. The light re?ection preventing ?lm 
140 is constituted by a single-layer or multilayer re?ection 
preventing ?lm in the same manner as the light re?ection 
preventing ?lm 130, and the re?ection of the light can be 
prevented to relatively increase the amount of the light trans 
mitted through the cover 103. In a process in Which the light 
emitted from the light emitting device 102 is transmitted 
through the cover 103 and proceeds from the cover 103 
formed of a glass having a high refractive index to the air 
having a loW refractive index, therefore, the total re?ection 
can be prevented. Consequently, it is possible to enhance an 
intensity of a light proceeding in an upWard direction of the 
cover 103. 

In the ?rst embodiment, the description has been given to 
the example of the structure in Which the light re?ection 
preventing ?lm 130 is formed on the upper surface of the light 
emitting device 102 and the light re?ection preventing ?lm 
140 is also formed on the upper surface of the cover 103 in 
order to increase the intensity of the light irradiated from the 
semiconductor device 100. In the invention, hoWever, it is 
also possible to employ a structure in Which both of the light 
re?ection preventing ?lms 130 and 140 are formed or either 
of the light re?ection preventing ?lms 130 and 140 is formed. 
By employing a structure in Which the light re?ection pre 
venting ?lm is formed on a loWer surface of the cover 103 as 
Well as the upper surface thereof, moreover, it is possible to 
increase a light transmittance, thereby enhancing an intensity 
of the light in the case in Which a phosphor ?lm 104 to be 
described beloW is formed by a substance having a higher 
refractive index than that of the glass, for example. 

In the ?rst embodiment, the description has been given to 
the structure in Which the light emitting device 102 is 
mounted on the substrate 101. HoWever, it is a matter of 
course that the invention can also be applied to a semicon 
ductor device having a structure in Which a light receiving 
device is mounted instead of the light emitting device, for 
example. In that case, the light re?ection preventing ?lms 130 
and 140 prevent a re?ection of a light incident from an out 
side, thereby increasing an intensity of a light to be received. 

Furthermore, the phosphor ?lm 104 is formed on the loWer 
surface of the cover 103. For this reason, the light emitting 
device (LED) is not directly coated With a phosphor ?lm or a 
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6 
resin containing a phosphor in the semiconductor device 100 
according to the ?rst embodiment. Consequently, the radia 
tion of the light emitting device 102 can be enhanced, result 
ing in suppression in the in?uence of deterioration in quality 
due to the heat generation of the light emitting device. 

In the phosphor ?lm 104, moreover, the in?uence of dete 
rioration due to the radiation from the light emitting device 
102 and the irradiation of ultraviolet rays can be suppressed 
so that the quality of the semiconductor device can be 
improved and a lifetime can be prolonged. 

Furthermore, a concave portion 101B for mounting the 
light emitting device 102 is formed on the substrate 101 and 
the periphery of the concave portion 101B is bonded to the 
cover 103 so that the light emitting device 102 is sealed over 
the substrate 101. More speci?cally, in the structure, a space 
for sealing the light emitting device 102 is formed by the 
substrate 101 and the cover 103. Therefore, the space for 
sealing the light emitting device 102 can be brought into a 
pressure reducing state, for example, or can be ?lled With an 
inactive gas. Thus, the quality of the light emitting device 102 
can be maintained and a lifetime can be prolonged. 
When the substrate 101 is connected to the cover 103 

through anode bonding, moreover, a space for sealing the 
light emitting device 102 is held more cleanly than that in the 
case in Which they are bonded through an organic material 
such as a resin. Therefore, the quality of the light emitting 
device 102 can be enhanced, Which is preferable. 

Moreover, a re?ector 1 05 for re?ecting a light emitted from 
the light emitting device 102 is disposed together With the 
light emitting device 102 in the space (the concave portion 
101B) in Which the light emitting device 102 is sealed. With 
the structure, consequently, a light emitting ef?ciency of the 
semiconductor device 100 according to the ?rst embodiment 
can be enhanced. 

Furthermore, the light emitting device 102 is disposed on a 
bump (Au bump) 106 formed of Au, for example, and is 
electrically connected to a via plug (through Wiring) 107 
formed to penetrate through a bottom face of the substrate 1 01 
via the bump 106. 
A connecting layer 108A formed by an Ni/Au plated layer, 

for example, is provided on an opposite side to a side of the via 
plug 107 on Which the light emitting device 102 is connected, 
and furthermore, a solder bump 108 is formed on the con 
necting layer 108A. More speci?cally, the via plug 107 is 
formed so that the light emitting device 102 and a connecting 
target on an outside of the space for sealing the light emitting 
device 102 can easily be connected to each other. Although a 
connecting layer formed by the Ni/Au plated layer, for 
example, may be provided betWeen the bump 106 and the via 
plug 107, moreover, it is not shoWn in the draWing. 

In addition, the re?ector 105 is connected to a via plug 
(radiation Wiring) 110 penetrating through the substrate 101. 
Therefore, the radiating property of the re?ector 105 can be 
enhanced. In this case, the via plug 110 has the same structure 
as the via plug 107. 

For example, the re?ector 105 is connected to the via plug 
110 formed to penetrate through the bottom face of the sub 
strate 101 through a bump (Au bump) 109.A connecting layer 
111A constituted by an Ni/Au plated layer, for example, is 
formed on the opposite side to a side of the via plug 110 on 
Which the re?ector 105 is connected, and furthermore, a sol 
der bump 111 is formed on the connecting layer 111A. In this 
case, the re?ector 105 is cooled (radiated) through the via 
plug 110. Moreover, it is more suitable that the via plug 110 
(the solder bump 111) should be constituted to be connected 
to a mother board, resulting in an excellent radiating property, 
for example. 
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If the substrate 101 is formed of Si, for example, it can 
easily be processed to have a ?ne shape, Which is preferable. 
For example, Si has such a feature that micromachining can 
be carried out more easily than a material such as ceramic. If 
the substrate 101 is formed of Si, moreover, it is also possible 
to carry out anode bonding together With the cover 103 
formed of a glass (a borosilicate glass). 

Moreover, an oxide ?lm (a silicon oxide ?lm) 101A is 
formed on a surface of the substrate 101, and the substrate 101 
is insulated from the via plugs 107 and 110 and the bumps 106 
and 109, for example. 

With reference to FIG. 2, description Will be given to a 
procedure for a method of manufacturing the light emitting 
device 102. As shoWn in FIG. 2, ?rst of all, a sapphire Wafer 
having a predetermined thickness is created in a step 1. Sap 
phire is excellent in a light transparency and a heat resistance, 
and particularly, also has such a durability that it is deterio 
rated With dif?culty even if a light is converted into a heat to 
carry out heating to a high temperature With respect to a blue 
light emitting member. Therefore, the sapphire is suitable for 
an LED substrate. 

In a next step 2, a thin ?lm constituted by a compound such 
as gallium nitride (NGa) is epitaxial groWn on the sapphire 
substrate by using a ?lm forming method such as a vapor 
phase groWth, thereby forming a P-type semiconductor and 
an N-type semiconductor. 

In a step 3, furthermore, an electrode is formed on each of 
the P-type semiconductor and the N-type semiconductor. 

In a subsequent step 4, a surface (a back surface) on an 
opposite side to a surface of the sapphire substrate on Which 
the electrode is formed is coated With a light re?ection pre 
venting ?lm. For example, the light re?ection preventing ?lm 
is obtained by coating a dielectric ?lms having a high light 
transmittance, in a single-layer or a multilayer, through a 
vacuum evaporation method, spin coating process, or etc. 

In a step 5, then, each light emitting device formed on the 
sapphire substrate is cut into individual pieces by dicing. 
Consequently, there is obtained the light emitting device 102 
on Which the light re?ection preventing ?lm 130 is formed. 
The light emitting device 102 is mounted by setting, as an 
upper surface, a surface on Which the light re?ection prevent 
ing ?lm 130 is formed. 

Next, an example of the method of manufacturing the 
semiconductor device 100 Will be described in order With 
reference to FIGS. 3A to 3L. In the folloWing draWings, the 
portions described above have the same reference numerals 
and description Will be omitted in some cases. 

First of all, at a step shoWn in FIG. 3A, the substrate 101 
formed of Si, for example, is etched and patterned to form the 
concave portion 101B for disposing a light emitting device 
and via holes 107A and 110A penetrating through the sub 
strate 101 Which serve to form the via plugs 107 and 110. 
At a step shoWn in FIG. 3B, next, the oxide ?lm (Which is 

also referred to as a silicon oxide ?lm or a thermal oxide ?lm) 
101A is formed by a thermal CVD method, for example, on a 
surface of the substrate 101 including an internal Wall surface 
of the concave portion 101B and internal Wall surfaces of the 
via holes 107A and 110A. 

At a step shoWn in FIG. 3C, subsequently, the via plugs 107 
and 110 are formed on the via holes 107A and 110A by a Cu 
plating method (such as a semiadditive method), for example, 
respectively. 

At a step shoWn in FIG. 3D, then, connecting layers 106A, 
109A, 108A and 111A formed of Ni/Au, for example, are 
provided by a plating method, for example. In this case, the 
connecting layers 106A and 109A are formed on a side of the 
concave portion 101B of the via plugs 107 and 110 respec 
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8 
tively, and the connecting layers 108A and 111A are formed 
on an opposite side of the via plugs 107 and 110 to the 
concave portion 101B respectively. 
At a step shoWn in FIG. 3E, thereafter, the bumps (Au 

bumps) 106 and 109 are formed on the connecting layers 
106A and 109A. After FIG. 3E, the connecting layers 106A 
and 109A are omitted. 
At a step shoWn in FIG. 3F, next, the oxide ?lm 101A 

provided on a surface of a convex portion 101C around the 
concave portion 101B is removed by mask etching, for 
example. A cover formed of a glass is bonded, at a subsequent 
step, to a portion from Which the oxide ?lm is removed at the 
step. 
At a step shoWn in FIG. 3G, then, the light emitting device 

102 having the light re?ection preventing ?lm 130 formed 
thereon by the steps 1 to 5 is disposed in the concave portion 
101B by setting, as an upper surface, a surface on Which the 
light re?ection preventing ?lm 130 is formed. In this case, for 
example, thermal compression bonding or ultrasonic bonding 
is used to electrically bond the light emitting device 102 to the 
bump 106 and to electrically connect the light emitting device 
102 to the via plug 107 through the bump 106. 
At a step shoWn in FIG. 3H, thereafter, the re?ector 105 

obtained by forming a re?ecting ?lm of Ag orAl on a surface 
of an alloy of Fe, Ni or Co, for example, is disposed in the 
concave portion 101B. In this case, for example, thermal 
compression bonding or ultrasonic bonding is used to bond 
the re?ector 105 to the bump 109 and to connect the re?ector 
105 to the via plug 110 through the bump 109. 
At a step shoWn in FIG. 3I, next, an upper surface of the 

plate-shaped cover 103 Which is formed by a borosilicate 
glass, for example, and has a transparency is coated, in a 
multilayer, With a dielectric ?lm having a high light transmit 
tance by a vacuum evaporation method, thereby forming the 
light re?ection preventing ?lm 140. Furthermore, the phos 
phor ?lm 104 is formed on a loWer surface of the cover 103 by 
patterning. In the method of manufacturing a semiconductor 
device according to the ?rst embodiment, the light re?ection 
preventing ?lm 140 and the phosphor ?lm 104 are formed on 
the upper and loWer surfaces of the plate-shaped cover 103 as 
described above. Therefore, a uniformity of a thickness of 
each of the light re?ection preventing ?lm 140 and the phos 
phor ?lm 104 can be maintained to be high. Therefore, it is 
possible to enhance an intensity of a light emission and a 
uniformity of a luminescent color in the semiconductor 
device. 

In this case, moreover, it is preferable that the phosphor 
?lm 104 should not be formed in a portion in Which the cover 
103 is bonded to the substrate 101 but the phosphor ?lm 104 
should be patterned in such a manner that the cover 103 
directly comes in contact With the substrate 101. 
At a step shoWn in FIG. 3], next, the cover 103 and the 

substrate 101 are bonded to each other through anode bond 
ing, for example, and a structure for sealing the light emitting 
device 102 over the substrate 101 is formed. In this case, the 
anode bonding is carried out by applying a high voltage 
betWeen the cover 103 and the substrate 101 and raising the 
temperatures of the cover 103 and the substrate 101. 
When the anode bonding is carried out, Si constituting the 

substrate is coupled to oxygen in the glass constituting the 
cover so that stable bonding With a great bonding force is 
performed. Differently from bonding using a resin material, 
moreover, a gas and an impurity Which contaminate a space 
for sealing the light emitting device 102 are rarely generated. 
At a step shoWn in FIG. 3K, subsequently, the solder bumps 

108 and 111 are formed on the connecting layers 108A and 
111A, respectively. 
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At a step shown in FIG. 3L, then, the substrate 101 and the 
cover 103 are cut into individual pieces by dicing. Conse 
quently, the semiconductor device 100 (see FIG. 2) described 
above is ?nished. 

While the description has been given to the case in Which 
the light re?ection preventing ?lm 130 provided on the light 
emitting device 102 is formed before the cutting into the 
individual pieces, it is also possible to use a method of form 
ing and patterning the light re?ection preventing ?lm 130 
after mounting the light emitting device 102 on the substrate 
101. 

In case of a Wafer level package, moreover, it is also pos 
sible to form the light re?ection preventing ?lm 140 on the 
cover 103 before or after cutting into individual pieces of the 
package. 

Furthermore, the light re?ection preventing ?lm may be 
formed on a side Wall of the cover 103 in addition to the upper 
surface thereof. In that case, only the cover 103 may be 
subjected to half dicing When cutting the cover 103 and the 
side surface of the cover 103 may be then coated With a 
dielectric ?lm in a multilayer to form the light re?ection 
preventing ?lm. 

Second Embodiment 

Moreover, the semiconductor device according to the 
invention is not restricted to the structure described in the ?rst 
embodiment but various structures can be employed as Will 
be described beloW, for example. 

FIG. 4 is a sectional vieW typically shoWing a semiconduc 
tor device 200 according to a second embodiment of the 
invention. Referring to FIG. 2, the semiconductor device 200 
is obtained by mounting a light emitting device 202 formed 
by an LED, for example, on a substrate 201 formed of Si, for 
example. The light emitting device 202 has a P layer, an N 
layer and an electrode formed thereon by using sapphire 
(A1203) as a base material, and an upper surface thereof is 
provided With a light re?ection preventing ?lm 230 for pre 
venting a re?ection of a light. For example, the light re?ection 
preventing ?lm 230 is a transparent ?lm obtained by coating 
a dielectric ?lm having a high light transmittance, in a single 
layer or a multilayer, through a vacuum evaporation method, 
spin coating process, or etc. 

Moreover, a light transmitting plate-shaped cover 203 
formed of a glass, for example, is disposed above the light 
emitting device 202 and a light re?ection preventing ?lm 240 
for preventing a re?ection of a light is also formed on an upper 
surface of the cover 203. The light re?ection preventing ?lm 
240 is constituted by a single-layer or multilayer re?ection 
preventing ?lm in the same manner as the light re?ection 
preventing ?lm 230, and the re?ection of the light can be 
prevented to relatively increase the amount of the light trans 
mitted through the cover 203. In a process in Which the light 
emitted from the light emitting device 202 is transmitted 
through the cover 203 and proceeds from the cover 203 
formed of a glass having a high refractive index to the air 
having a loW refractive index, therefore, a total re?ection can 
be prevented. Consequently, it is possible to enhance an inten 
sity of a light proceeding in an upWard direction of the cover 
203. 

In the second embodiment, the description has been given 
to the example of the structure in Which the light re?ection 
preventing ?lm 230 is formed on the upper surface of the light 
emitting device 202 and the light re?ection preventing ?lm 
240 is also formed on the upper surface of the cover 203 in 
order to increase the intensity of the light irradiated from the 
semiconductor device 200. In the invention, hoWever, it is 
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10 
also possible to employ a structure in Which both of the light 
re?ection preventing ?lms 230 and 240 are formed or either 
of the light re?ection preventing ?lms 230 and 240 is formed. 
By employing a structure in Which the light re?ection pre 
venting ?lm is formed on a loWer surface of the cover 203 as 
Well as the upper surface thereof, moreover, it is possible to 
increase a light transmittance, thereby enhancing an intensity 
of the light in the case in Which a phosphor ?lm 204 to be 
described beloW is formed by a substance having a higher 
refractive index than that of the glass, for example. 

In the second embodiment, the description has been given 
to the structure in Which the light emitting device 202 is 
mounted on the substrate 201. HoWever, it is a matter of 
course that the invention can also be applied to a semicon 
ductor device having a structure in Which a light receiving 
device is mounted instead of the light emitting device, for 
example. In that case, the light re?ection preventing ?lms 230 
and 240 prevent a re?ection of a light incident from an out 
side, thereby increasing an intensity of a light to be received. 

Furthermore, the phosphor ?lm 204 is formed on a loWer 
surface of the cover 203. In this case, the substrate 201, the 
light emitting device 202, the cover 203 and the phosphor ?lm 
204 according to the second embodiment correspond to the 
substrate 101, the light emitting device 102, the cover 103 and 
the phosphor ?lm 104 according to the ?rst embodiment, and 
the semiconductor device 200 according to the second 
embodiment has the same advantages as those of the semi 
conductor device 100 according to the ?rst embodiment. 
More speci?cally, the light emitting device (LED) is not 

directly coated With a phosphor ?lm or a resin containing a 
phosphor in the semiconductor device 200. Consequently, the 
radiation of the light emitting device 202 can be enhanced, 
resulting in a suppression in the in?uence of a deterioration in 
quality due to the heat generation of the light emitting device. 

In the phosphor ?lm 204, moreover, the in?uence of a 
deterioration due to the radiation from the light emitting 
device 202 and the irradiation of ultraviolet rays can be sup 
pressed so that the quality of the semiconductor device can be 
improved and a lifetime can be prolonged. 

In the semiconductor device 200 according to the second 
embodiment, moreover, the phosphor ?lm is formed on the 
almost plate-shaped cover 203 by a printing method, for 
example. Therefore, the semiconductor device 200 has a fea 
ture that a thickness of the phosphor ?lm has a high unifor 
mity. More speci?cally, in the semiconductor device 200 
according to the second embodiment, the phosphor ?lm 204 
is formed on the plate-shaped cover 203. Therefore, it is 
possible to form the phosphor ?lm 204 With a high uniformity 
of the thickness by using the printing method, for example. In 
the semiconductor device 200 according to the second 
embodiment, furthermore, it is not necessary to form a phos 
phor ?lm on a side surface of the light emitting device 202. 
Therefore, the semiconductor device 200 has a feature that an 
intensity of a light emission and a uniformity of a luminescent 
color are enhanced. 

Furthermore, the light emitting device 202 is disposed on a 
bump (Au bump) 206 formed of Au, for example, and is 
electrically connected to a via plug (through Wiring) 207 
formed to penetrate through a bottom face of the substrate 201 
via the bump 206. 
A connecting layer 208A formed by an Ni/Au plated layer, 

for example, is provided on an opposite side to a side of the via 
plug 207 on Which the light emitting device 202 is connected, 
and furthermore, a solder bump 208 is formed on the con 
necting layer 208A. More speci?cally, the via plug 207 is 
formed so that the light emitting device 202 and a connecting 
target on an outside of the space for sealing the light emitting 








